
 INTRODUCTION

The member of genus Enterococcus is
gram-positive cocci that are arranged in pairs or as
short chains. The enterococci are facultative
anaerobes that grow at temperatures ranging from
10 to 45°C with optimum growth at 35°C. They grow
in media containing 6.5 percent NaCl and hydrolyze
esculin in presence of 40 percent bile salts (bile
esculine (BE) medium). Some species are motile.1

Enterococci is predominantly inhabit gastro-
intestinal tract and are less commonly found in other
sites such as the genitourinary tract and the oral
cavity. Enterococci have increasingly emerged as a
cause of serious nosocomial and community-
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ABSTRACT

Enterococcus is one of the important causes of hospital acquired infections. Drug resistance
particularly for High Level Aminoglycosides Resistance is one of the important patterns of resistance
exhibited by Enterococcus. This study was conducted to determine the high-level aminoglycoside
resistance for gentamicin and streptomycin in Enterococcal species isolated from a tertiary care centre.
Number of isolates collected were 76 of which 42 (55.2%) from urine 26(34.21%) from exudates,
4(5.26%) from blood and rest from other body fluids. Most of the isolates were Enterococcus faecalis
(72%) followed by Enterococcus faecium (28%). All the isolates were subjected to Kirby-Bauer disk
diffusion test using high-content gentamicin (120 µg/disk) and streptomycin (300 µg/disk), single
concentration agar dilution test with streptomycin 2000 µg/ml, 500 µg/ml and 2000 µg/ml of gentamicin.
There were 27 (35.5%) were showed High Level Aminoglycosides Resistance (HLAR), of which
18(23.68%) were High Level Gentamycin Resistance (HLGR), 9(11.84%) were High Level Streptomycin
Resistance (HLSR) and 9 (11.84%) isolates showed resistant to both. E.faecalis was the species
most frequently exhibited High Level Resistance (HLR) for the drugs tested. Prevalence of HLAR in
Enterococci is high and could be a serious problem in a hospital setup, screening for high-level
aminoglycoside resistance must be included in routine antibiotic susceptibility reporting for Enterococcal
isolates, especially from blood as high-level resistant strains does not show synergism with cell wall
acting antibiotics like penicillin group and vancomycin which are the drug of choice.

Key words: High-Level Aminoglycoside Resistance (HLAR), Disk Diffusion test,
Single concentration agar dilution test, Enterococcus species.

acquired infections. As mentioned in the 1984
National Nosocomial Infection surveillance
summary listed the Enterococcus as the third most
common cause of nosocomial infections, it caused
approximately 10% of all such infections including
14.7% UTIs and 7% of bacteraemias.2 The
increased Enterococcal diseases may be due to
increase in the use of anti microbial agents to which
enterococci are resistant. In our study we focus on
aminoglycoside as antimicrobial agents.
Antimicrobial resistance can be classified as intrinsic
or acquired. Intrinsic resistance is related to inherent
or natural chromosomally encoded characteristics
present in all or most of the Enterococci. In contrast,
occurrence of acquired resistance is more variable
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resulting from either mutation in existing DNA or
acquisition of new genetic determinants found in
plasmids or transposons.3 Because of the poor
activity of several antimicrobial agents against
Enterococci due to intr insic resistance, the
recommended therapy for serious infections (i.e.
endocarditis, meningitis, and other systemic
infections, especially in immunocompromised
patients) includes a combination of a ‘cell-wall-active
agent, such as a beta lactam (usually penicillin) or
Vancomycin, combined with an aminoglycoside
(usually gentamicin or streptomycin)3. These
combinations overcome the intrinsic resistance
exhibited by the Enterococci and a synergistic
bactericidal effect is generally achieved since the
cell- wall active agent facilitates the intracellular
penetration of the aminoglycoside.2 The efficacy of
the above combinations has been compromised by
the emergence of enterococcal strains displaying
multiple antibiotic resistances, including high-level
resistance to aminoglycosides, and resistance to
penicillins or glycopeptides.1  In addition to the
intrinsic resistance traits, Enterococci have acquired
different genetic determinants that confer resistance
to several classes of antimicrobial drugs3.

Strains expressing acquired HLR to
aminoglycosides usually have minimal inhibitory
concentration (MIC) >2000µg/ml and cannot be
detected by diffusion tests with conventional disks.
Special tests using high-content gentamicin and
streptomycin disks 4, as well as a single dilution
method, were developed to screen for this type of
resistance.5 This study was done with the intention
of determining High Level Aminoglycoside
Resistance from the Enterococcal species isolated
from various clinical sample by Kirby-Bauer disk
diffusion method and Single concentration agar
dilution test using the drugs gentamicin and
streptomycin.

Isolates that are resistant to the cell-wall-
active agents or have HLR to aminoglycosides are
resistant to the synergistic effects of combination
therapy and constitute an even more serious
problem concerning the effective management of
Enterococcal infections. These resistance traits are
of particular clinical relevance as they confer
resistance to agents used in the treatment of serious
Enterococcal infections and can abolish the activity

of the therapeutic regimes with proven bactericidal
activity against Enterococci.  Therefore, the
detection of resistance to these groups of
antimicrobial agents is important.

MATERIAL AND METHODS

Chemicals used for preparing media were
analytical grade and commercially available drugs
were used for preparation of antibiotic impregnated
disc. The quality of disc is checked before subjected
to the study. Enterococcal isolates reported from
various clinical samples in a tertiary care center
was collected consecutively during the study period
between 18.01.08 and 25.02.08. The breakup of
samples was urine-42 (n=42), Exudate-26 (n=26),
Blood-4 (n=4) and Others-4 (n=4), which included
bile-2; tissue-1 and ascetic fluid-1.Total number of
isolate collected was 76. All the isolates belong to
genus Enterococci was identified by colony
morphology, Gram stain, catalase production, bile
esculin hydrolysis, growth in 6.5% NaCl broth and
speciated by fermentation of pyruvate, mannitol.
There were 55 Enterococcus faecalis, 21
Enterococcus faecium. Control strains were
E.faecalis ATCC 29212.

All the isolates were subjected to screening
of high-level aminoglycosides resistance by Kirby-
Bauer disk diffusion using indigenously prepared
high content Gentamicin disk (120µg/disk) and
Streptomycin (300µg/disk) this strain also subjected
to single concentration agar dilution test. Agar
dilution test was done with drug concentration of
500µg/ml and 2000 µg/ml of Gentamicin and
2000µg/ml of Streptomycin in Muller Hinton Agar.

Disk diffusion test
Disk diffusion test was done in Muller

Hinton Agar (Himedia, batch no.M173500G) plates
as per standard recommended guidelines. For disk
diffusion 4 or 5 colonies of Enterococci was
inoculated in nutrient broth and incubated at 37°C
till turbidity matches 0.5% McFarland standard,
Lawn culture made in Muller Hinton Agar plates and
high content disk were placed. The plates were
incubated at 37°C for 24 hours.

Reading was taken after 24 hours and 48
hours. A zone of inhibition of sizes less than 9mm
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is considered as high-level aminoglycoside resistant,
9-11 mm as intermediately susceptible and more
than 11 mm as susceptible for both Gentamicin and
Streptomycin.

Agar dilution test
Muller Hinton Agar was used as base

medium for preparation of single high concentration
drug agar dilution test. Plates were prepared
according to recommended standard CLSI
guidelines. For Agar dilution test plates were
prepared with Gentamicin concentration of 500µg/
ml, 2000 µg/ml and Streptomycin 2000µg/ml 1ml
of diluted drug with appropriate concentration is
added to 19 ml of molten medium. The plates were
poured under sterile conditions and allowed it to

dry. The dried plates were incubated for quality
checking overnight. With the help of marking pen
1×1cm square boxes made over the base of the
plate and numbered. Strains were tested in a plate
after drying in their respective boxes. For inoculation
4 or 5 colonies were inoculated in nutrient broth
and incubated till turbidity matches 0.5 Mc Farland
standard and appropriate dilutions were made for
final concentration of 106 CFU/ml. Spot inoculations
was done in the corresponding boxes and incubated
overnight. Reading was taken after 24 hours. The
number of boxes showing visible growth were noted
down and considered as High-Level Gentamicin
Resistant (HLGR) and High Level Streptomycin
Resistant (HLSR) strain.

Fig. 1: Strains with HLGR and
HLSR in Disk diffusion method

Fig. 2: Strains with HLGR
and HLSR in Agar dilution

Plate 1: Agar dilution reconfirmation HLSR



754 Revathy et al., Biosci., Biotech. Res. Asia,  Vol. 6(2), 751-756 (2009)

RESULTS AND DISCUSSION

A total of 76 strains were isolated and
identified as Enterococcus spp, from several clinical
samples. Two species were identified; strains were
E.faecalis and were E.faecium. We had 55
Enterococcus faecalis (72.36%), and 21
Enterococcus faecium (27.63%). Most of them,
E.faecalis 25/42(%) and 17/42(%) E.faecium was
isolated from urine samples. E.faecalis accounted
for a greater percentage of isolates from urine and
wound cultures than from fluid and blood cultures.
Antimicrobial resistance in Enterococcus has been
increasing prevalence mainly in hospitalized
patients. In the present study, there was a
preponderance of samples received from females
40 (52.6%) than males 36 (47.3%), the probable
reason for this could be urine specimens were
largest in number 42 (55.26%) compared to others
and also the fact that UTI is more common in
females. 10% of all UTIs and 16% of nosocomial
UTIs are caused by Enterococcal species and
among the Enterococcal isolates 80-90% of the

isolates were E.faecalis and 5-10% E.faecium.6

Total number of I strain enrolled in the study was
76 obtained from various specimens. Enterococcus
faecalis was the predominant species (n=55)
followed by Enterococcus faecium (n=21).
Predominant specimen was urine (n=42) followed
by exudates (n=26). Gentamicin and streptomycin
were the drugs used for detection of high-level
aminoglycosides resistance as these drugs are used
frequently in the clinical settings. High content
gentamicin and streptomycin disk and single
concentration agar dilution methods were used for
detection. In case of high content disk diffusion
method, the number of strains that were resistant
to high content Gentamicin (120µg) disk was 32
(42.10%) and Streptomycin (300µg) was 27
(35.52%).

In case of single concentration agar
dilution method Among the 76 isolates 9 (11.84%)
were resistant to both gentamicin 2000 µg/ml and
streptomycin 2000µg/ml by agar dilution. A total of
18 (23.68%) strains showed high-level   gentamicin
resistance out of which 5 (6.57%) were according
to CLSI definitions showing resistance to 120µg
gentamicin disk in the disk diffusion method and
also agar dilution method with upto 500µg/ml of
gentamicin. The rest of the 13(17.10%) strains had
a MIC > 2000µg/ml for gentamicin. High-level
resistance to streptomycin alone was recorded in 9
(11.84%) strains, which were not HLGR. That is
11.84% of Enterococcal isolates were both High
Level Gentamicin Resistant and High Level
Streptomycin Resistant and 17.10% were only High
Level Gentamicin Resistant. E.faecalis is the
species, which predominantly exhibited resistant
pattern. The increased Enterococcal diseases may
be due to increase in the use of anti microbial agents
to which enterococci are resistant, this may cause
UTIs, bacteraemia, endocarditis, meningitis, and
other systemic infections, especially in immuno-
compromised patients, The treatment of choice for
such infections is usually the synergic combination
of penicillin or a glycopeptide with an
aminoglycoside, most commonly gentamicin. The
efficacy of the above combinations has been
compromised by the emergence of enterococcal
strains displaying multiple antibiotic resistances,
including high-level resistance to aminoglycosides,
and resistance to penicillins or glycopeptides.

Table 1: Disk diffusion method

Resistance by disk Number of Percentage
diffusion strains

HLGR 32 42.10
HLSR 27 35.52

Table 2: Strains that are HLAR

Strains             Agar dilution

500 µg 2000 µg

HLGR 28 (36.8%) 23 (30.26%)
HLSR *** 18 (23.68%)

Table 3: Strains with HLGR
and HLSR in Agar dilution

Species Hlgr Hlsr Total
Hlar Strains

E.faecalis 15 12 27
E.faecium 8 6 15
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CONCLUSION

Therefore screening for high-level
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routine antibiotic susceptibility repor ting for
Enterococcal isolates, especially from blood as high-

level resistant strains does not show synergism with
cell wall acting antibiotics like penicillin group and
vancomycin.
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